Objectives-Endothelin 1 (ET1) is one of a newly discovered family of potent naturally occurring vasoconstrictors produced by the endothelium. A few publications indicated that the peptide may have a role in idiopathic Raynaud's phenomenon and Raynaud's phenomenon secondary to connective tissue disease. The aim of this study was to compare serum endothelin concentrations in people with vibration induced white finger (VWF) with those of controls exposed to vibration, and unexposed (pure) controls. Subjects and methods-Male volunteers from a stonemasonry, two quarries, and an insurance company were classified by questionnaire and clinical examination into men with VWF (cases, n = 31), exposed controls (n = 22), or pure controls (n = 36). All subjects were asked to provide two venous blood specimens: a baseline sample after a period of warm equilibration (30 minutes seated in a warm room and 20 minutes with both hands immersed in a water bath at 371C); and again after cold challenge (both hands immersed in a water bath at 60C for six minutes). Serum concentrations of the 21 amino acid peptide endothelin ET,21 were measured by radioimmunoassay.
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Results-Baseline concentrations of ET,, were found to be lower in cases (mean = 12*2 pmoMl) than in the two control groups (mean = 14*7 pmol/l in exposed controls; mean = 14*3 pmolll in pure controls). Among cases there was a broad inverse relation between severity, as measured by the Griffin blanching score, and baseline ET,2, (Spearman rank correlation coefficient -0 58, P < 0.001). Cold challenge provoked an overall rise in ET,,, in all groups, but larger and significant mean absolute and percentage rises were found in cases (4.1 pmol/l and 54%) than in the control groups (2.6 pmol/l and 21% in exposed controls; 1*5 pmolI and 20% in pure controls). Similar but more obvious differences occurred when controls were compared with those cases who gave a more severe history of disease (Griffin blanching score > 24) and those cases found to blanch after cold challenge.
In these case subsets baseline ET,,, was nearly 50% lower than for controls and a four and a half to fivefold greater percentage rise in ET,21 occurred upon cold challenge. Differences Quarrymen extracted the large limestone blocks used in the masonry and in dimensional construction work. The dimensional quarryman's skill lay in identifying fault lines in stone. A line of holes was then made in the stone with a consolidated pneumatic rock drill and wedges were driven into the holes with a consolidated pneumatic road breaker. Eventually the stone split. This traditional method has been used for more than one hundred years. In the extraction of dimensional stone much effort is expended in preserving the integrity and shape of the extracted block and the relative precision of the operation has until recently delayed attempts at mechanisation. Frequency weighted vibration exposures in excess of 20 ms-2 root mean squared (rms) have been common over the years, although conditions have since improved. Persistence of traditional methods and the unusually low job mobility of Portland workers provided a cohort of subjects with well documented high lifetime occupational exposures to vibration.
All male employees from a stonemasonry and two quarries were invited to participate. Out of 69 workers 55 (80%) agreed, but two were ineligible according to defined study criteria-namely clinical diseases which were known to cause secondary Raynaud's phenomenon or otherwise independently affect serum ET,-and this led to an overall response rate of 77%. Also, owing to the sparse number of people (five) without occupational exposure to vibration, the non-exposed (pure) control group was supplemented by an age stratified random sample of male employees from a Hampshire insurance company. All respondents completed a questionnaire, and all those fulfilling inclusion criteria participated. They provided a further 31 controls with one exclusion (a response rate of 21%).
STUDY METHODS
All participants were seen on two occasions in the summer. On the first, a diagnostic questionnaire was given by a trained nurse or doctor and was accompanied by a clinical examination of the hands and upper limb pulses; and a single blood pressure reading from the right arm was taken when sedentary and rested. On the basis of this assessment participants were later classified as cases, exposed controls, pure controls, or were excluded according to predetermined criteria applied by a single observer. Severity of disease and degree of exposure to vibration were also assessed.
Second sessions took place before work on Monday mornings, allowing a weekend break from use of vibratory tools. Participants were asked to abstain from smoking on the day of the study and to limit alcohol consumption to two units on the preceding evening.
At [19] [20] [21] Samples in this study were analysed with a protocol and assay system to specifically measure ET, 21 (RPA 555, Amersham International, UK). This assay system is The difference in baseline between exposed controls and pure controls did not reach significance. Nor was any significant correlation found between baseline serum ET, 21 and hours of use of vibrating tools in exposed controls.
RESPONSE TO COLD
Four men (one case, one exposed control, and three pure controls) failed to provide an adequate blood specimen after cold challenge. Table 3 summarises the cold response in the remaining subjects. An absolute rise in mean ET, was found in response to cold in all groups. Larger absolute and percentage rises were found in cases than in controls, and the largest rises were found in the two subsets, worst cases and blanchers. The null hypothesis, that cold has no effect other than by chance on serum ET,, was tested. In cases and case subsets the null hypothesis was sufficiently unlikely that cold challenge seems to be associated with a rise in serum ET, 2,; however, the null hypothesis could not be rejected in controls. Similar percentage increases were seen in the control groups (about 20%), but the mean rise in cases was two and a half times greater, that of the worst cases four times greater, and in those who blanched the average rise was nearly 100%-almost five times greater than the response in controls. The difference between subsets and control groups was significant at the 1% level.
The SDs for percentage change were large in all groups, reflecting a wide variation in response. However, the SD for cases was nearly twice as great as that for controls. This difference was also significant (comparison of two variances, cases v either control group: P < 0-01). Although relative change differed significantly between the groups, it should be noted that no significant differences were found when the values after cold challenge were compared. This arises because the values from cases started from a lower baseline but rose further.
MATCHING
The data point to clear differences between cases and non-cases, whether exposed to vibration or not. However, in view of the demographic differences between case and control groups an exercise in matching was undertaken to consider whether these differences were due to disease correlates, rather than disease status itself. Cases were matched against controls on a one to one pairing-the basis being the same smoking status and nearest age. To provide sufficient controls for a satisfactory match, all non-cases were considered as a single control group, with exposed and pure control subjects available equally for matching. The exercise was repeated three times, to provide matched control groups for the three case groups previously considered (all, worst, and blanchers). Fifty pairs were thus matched, with a complete match for smoking in all pairs and an age match of plus or minus one year in 43 of the 50 pairs. Table 4 summarises the outcome of the matching exercise. Despite a close match for age and smoking, the findings were manifestly similar: a lower baseline ET, 21 in cases than controls, broadly associated with disease severity; greater absolute and percentage rises in cases than controls after cold challenge, with the largest rises in those worst affected; and the results of significance tests were similar. Hence, matching for age and smoking did not alter the principal findings.
Discussion
The current investigation has several potential limitations. Participants were volunteers, so it is necessary to ask whether such populations of convenience differ materially from randomly selected ones. In populations exposed to vibration there is no reason to suppose so: the overall response rate was good and the study populations, setting, and clinical findings were typical of those expected in VWF research based in industry. Among pure controls the situation is less certain; the response rate was lower and it is known, for example, that several volunteers were regular blood donors. Pure controls had to be recruited from a different working population and there were clear cut social class differences between groups. We know of no scientific literature about the effects of social class and geography on serum ET, 2,, but the possibility exists that unknown confounders contribute to the differences found between cases and pure controls.
However, the study examined two control groups. Controls exposed to vibration were well matched with cases from the socioeconomic and geographical standpoint and the differences here were just as clear cut as for pure controls; furthermore, the two control groups, although drawn from different settings, provide remarkably similar results; finally the protocol excluded controls with diseases of known relevance and the most readily identifiable confounders (age, smoking, blood pressure) have been considered in the matched pairs analysis. So there are grounds for considering these demographic differences to be unimportant compared with the differences between health and disease.
Case definition gives further scope for classification errors and biases. The study used a questionnaire, predetermined diagnostic criteria, and classification by a single observer. This approach has the advantage of minimising within observer variation and ensuring a consistent classification scheme even though that might still cause misclassification.
The case definition was modelled on that of Gemne et al-namely "attacks of well demarcated, local blanching and accompanying numbness of the affected parts of the finger skin triggered by exposure to environmental cold... with a distribution that agrees well with the strongest vibration exposure".23 Special emphasis was given to demarcation of colour change and a minimum duration of response. The definition insisted on tool use before the start of symptoms. This excluded obvious cases of primary Raynaud's disease. It may not have excluded every case of Raynaud's disease in a male tool user (5% to 10% of men admit to occasional blanching of the fingers or thumbs), but the high prevalence of disease in the Portland populations makes it likely that relatively few men said to have secondary disease actually had primary.
Reliance on clinical history poses the additional problem that participants could make up or exaggerate symptoms for personal gain. However, it is worth emphasising that the effect of misleading case histories, misclassifications, and inaccurate grading of disease would be to make genuine differences between groups harder to detect. The differences described in this study seem to be sufficiently large and robust to stand out despite these problems. Furthermore, the broad relation between case severity and the findings adds weight to the data. Finally, the blancher subset was the group in which the diagnosis was most clear cut, a group that actually manifested the phenomenon of interest around the time that blood was drawn: findings broadly accorded with those with the worst case histories. These combined findings indicate that the problems of case definition have not influenced outcome.
The baseline findings contradict those existing studies for Raynaud's disease and secondary Raynaud's phenomenon due to causes other than vibration, in which a raised baseline ET, 2, has been described'5 16 However, they accord with the only other study of ET, in workers exposed to vibration, which examined variation within a shift in finger systolic blood pressure in riveters and age matched controls, and as a subsidiary enquiry, measured ET, in a subset of non-smoking volunteers. '8 Unfortunately the proportion of workers with VWF and the degree of success in control matching in the subgroup was not clearly specified, and the protocol did not include an assay after cold challenge, making direct comparison of results impractical. However, a lower mean baseline was described, as in this report.
The disparity is most likely to be accounted for by differences in methodology, especially the radioimmunoassay. The ET, 2, is secreted as a precursor (ET, 38 ) and then cleaved.
Older assay techniques have measured ET like immunoreactivity, which may be a composite of immunologically related but physiologically discrete secretion moieties. The Amersham assay, which was also used in the study of riveters, ' Arteriographic studies of occlusive change in the digital arteries of some patients26 27 and the reported depletion of vasoactive peptides in the cutaneous nerve supply of others,'7 provide supporting evidence for a damage effect.
The cold response of cases and controls is of considerable interest. An active mechanistic agent might be expected to show the pattern described-that is, a rise in response to cold greater in cases than controls and more noteworthy again in the worst cases and especially in those men with vasospasm. However, these findings need to be interpreted cautiously, as again the situation may be more complex than at first appears. Zamora et al showed a similar response in primary Raynaud's phenomenon but not until an 80% decrement in pulsatility had already occurred (they postulated that ET1 21 was a player but not a prime mover in the vasospasm found). I5
Workers have questioned whether the rise found by Zamora et al could be explained by haemoconcentration or altered forearm blood flow. 20 In the present study concentrations of serum albumin and von Willebrand's factor were also measured at baseline and after cold challenge. The mean (SEM) percentage change in serum albumin was similar in cases (-1-9% (1-8%)) and controls (-2-1% (2.0%) in exposed controls; 2-8% (1-6%) in pure controls), so haemoconcentration does not explain the large relative rise in ET1 21 among patients. However, it is more difficult to discount the effects of forearm blood flow.
Measurements of ET1 21 in venous and arterial blood have shown that the forearm is a site of ET production,28 so the notable fall in blood flow that accompanies vasospasm could create the impression of raised local production artifactually. In our data set the mean (SEM) percentage changes in the VWF, which is produced by the endothelium, were not significantly different between cases and controls (+0 4% (8 7%) for cases, -4-7% (5 7%) for pure controls, and -4 1 % (9 5%) for exposed controls), lending tentative support to the view that forearm blood flow does not account for the changes found. However, this question needs to be considered by further work encompassing specific measurements of forearm blood flow or measurements in ET1 21 in both venous and arterial blood. Forearm blood flow is an important unknown quantity in interpreting the present data.
The clinical pattern found in the blanching group in this study was Given the significant associations found in this study it is tempting to hypothesise that ET, 21 
